Abstract. Because the formation of protostars is believed to be closely tied to the angular momentum problem of star formation, characterizing the properties of the youngest disks around Class 0 objects is crucial. However, not much is known on the structure of the youngest protostellar envelopes, on the small scales at which disks and multiple systems are observed around more evolved YSOs, due to a lack of comprehensive high angular resolution observations (probing <100 AU). In order to tackle this issue, we conducted a large observing program with the IRAM Plateau de Bure interferometer (PdBI): the CALYPSO survey, providing us with detailed maps of molecular lines and millimeter continuum emission, probing scales down to ∼30-50 au towards a sample of 17 Class 0 protostars. Here we present our analysis of the CALYPSO dust continuum emission maps, constraining disk properties of the Class 0 protostars in our sample. We show that large, r > 50 au, disk structures are not observed in most Class 0 protostars from our sample, which can be described by various envelope models reproducing satisfactorily the intensity distribution of the dust emission at all scales from 50 au to 5000 au.
Introduction
Young Class 0 protostars (André et al. 2000) , observed only t ∼ < 5 × 10 4 yr after their formation, still have most of their mass in the form of a dense core/envelope collapsing onto the central protostellar embryo: they are representative of the main accretion phase, during which most of the final stellar mass is accreted onto the central object. During this protostellar phase, the inflowing gas must redistribute most of its initial angular momentum outward or else centrifugal forces will balance gravity and prevent accretion, and the growth of the protostellar embryo. This long-standing "angular momentum problem" is quite severe since the gas must reduce its specific angular momentum by ∼5 orders of magnitude during this brief accretion phase (<0.1 Myr) (Belloche 2013) . Exactly how this is done remains a major unsolved problem in star formation. Early theoretical studies (Terebey et al. 1984) suggested that the formation of large ( 100 au) centrifugally supported disks and protostellar jets (Shu et al. 1991) would transfer angular momentum outward, contributing grandly to solving the angular momentum problem by the end of the first collapse phase. However, while the presence of large (radii 100-300 au) accretion disks is well documented in Class I protostars and T-Tauri stars (Watson et al. 2007; Duchêne et al. 2007; Connelley et al. 2008) , the progenitors of these protoplanetary disks remain elusive around younger Class 0 protostars (Maury et al. 2010; Ohashi et al. 2014;  Class 0 protostars from the CALYPSO IRAM-PdBI survey 115 Yen et al. 2015a) . Whether disks and multiple systems are natural products of the conservation of angular momentum formed during the main accretion phase remains largely debated today from both an observational and a theoretical point of view.
The CALYPSO survey
The CALYPSO survey (see http://irfu.cea.fr/Projets/Calypso/), carried out with the IRAM Plateau de Bure (PdBI) interferometer, has been tailored to address this cornerstone question, and ultimately describe how the circumstellar envelope is being accreted onto the central protostellar embryo, also exploring the formation processes of protostellar jets, disks and multiple systems, during the main accretion phase. In the framework of this IRAM large program, we carried out detailed dust continuum and molecular line emission observations of 17 Class 0 protostars, at scales ranging from 50 au to 5000 au, in selected frequency ranges between 1.3 mm and 3.2 mm. Highlights of the CALYPSO observations of the Class 0 protostar NGC1333-IRAS2A (IRAS2A in the following) were presented in Maret et al. (2014) , Maury et al. (2014) and Codella et al. (2014) .
Analysis of the dust continuum emission
Here we briefly present our analysis of the dust continuum emission obtained in the 1mm PdBI bands, namely two independent observations obtained over 4-GHz bandwidths centered respectively at 1.3 mm and 1.4 mm, towards a large fraction of the CALYPSO sample, analyzed as of August 2015 and presented in Table 1 . Class 0 protostars are heavily embedded, envelope-dominated sources. To constrain the protostellar disk properties during this early stage, a precise modeling of envelope emission at all scales is required to discriminate envelope emission from disk emission at small scales. The large-scale envelope structure is recovered thanks to IRAM-30m 1.2-mm continuum observations used as zero-spacing information as well as short-spacing intensity profiles when available (see Motte & André 2001) . The IRAM-30m 1.2-mm dust continuum emission maps (Motte & André 2001) tracing protostellar envelopes at large scales ∼ 10 − 50 are shown in the left panels of Figs. 1, 2 and 3, while the central panels show the IRAM-PdBI 1.3-mm dust continuum maps, sensitive to the inner envelope density structure at scales ∼ 0.5 − 5 . We examine the flux density versus uv-distance from the PdBI data at both 1.3 mm and 1.4 mm, and use Plummer-like envelope models with
p to reproduce the visibility profiles observed at the two wavelengths (see central panels of Figs. 1, 2 and 3). In the Rayleigh-Jeans approximation and for optically-thin dust emission, if the temperature and density in the envelope follow simple radial power laws ρ(r) ∝ r −p and T (r) ∝ r −q , the emergent dust continuum emission also has a simple power-law form I(r) ∝ r −p−q +1 . In interferometric observations, the visibility distribution then has V (b) ∝ b p+q −3 , solely determined by the power-law indices of the temperature and density profiles in the envelope. We noticed that the PdBI 1.3 mm visibility curves were not satisfactorily reproduced by envelope models, for a few sources in our sample. To check whether this deviation to a single envelope profile traces a circumstellar disk embedded in the envelope, or reflects envelope asymmetries and structure, we also tried to reproduce the intensity profiles with models including the best-fit envelope model and a Gaussian source of variable flux and size, tracing a candidate disk structure. The details of this analysis will be presented in a forthcoming paper (Maury et al. in prep.) . It is illustrated for three of our CALYPSO sources in Figs power-law indices for protostellar envelopes and detection of a r > 50 au candidate-disk component, are summarized in Table 1 .
Summary: do most Class 0 protostellar disks have radii < 50 au ?
Among the 12 Class 0 protostars analyzed here, only 3 of them show millimeter dust continuum visibility profiles which may hint to the presence of disk structures with radii > 50 au, and only one source may harbor a candidate disk with radius > 100 au. Being the largest sample of Class 0 protostars analyzed so far, our results confirm the paucity of large Class 0 disks suggested by recent literature (Maury et al. 2010 , Tobin et al. 2015 . These upper limits on disk sizes are not easily explained by the standard hydrodynamical description of protostellar collapse, where large (r > 100 au) disk-like structures are expected to form quickly (t < 10 3 yr) at the beginning of the protostellar phase, as a consequence of angular momentum conservation during collapse of the large-scale envelope towards the central protostellar embryo (Li et al. 2014) . One possible explanation for the regulation of disk sizes during the main accretion phase, lies in magnetically-regulated protostellar collapse scenarios, because magnetic braking can significantly contribute to angular momentum transport and hence delay the formation of large disk-structures (Hennebelle & Teyssier 2008) . In the sources showing no signs of (1) Envelope masses from the literature.
(2) Ratio of the small-scale flux (1.3-mm peak flux computed in PdBI matching-beams maps -synthesized HPBW ∼ 1.5 ×1 ) to the total envelope flux (as extrapolated from IRAM-30m 1.2-mm or Bolocam 1.1-mm dust continuum maps). Index of the intensity profile, see Maury et al. (2014) .
(4) Indicating whether the best model to reproduce both the IRAM-30m and IRAM-PdBI continuum emission includes a Gaussian source of FWHM>50 au ("y" for yes or "n" for no).
large disks, the role of magnetic fields should be explored in more detail to understand our puzzling results. The kinematics of Class 0 envelopes will have to be explored as well, for example to look for signatures of transitions to Keplerian rotation at small scales in the sources where additional dust continuum structures are needed to explain our PdBI data: the wealth of density and temperature regimes probed by the CALYPSO molecular line observations should allow such investigations in the coming year.
